The occurrence of precipitation / rain in harvest bean causes damage to the product and reduces the yield. The main alternative to mitigate this problem is to obtain cultivars presenting low germination of beans in the pods under conditions of high moisture. The purpose of this study was to verify if there is genetic variability among the common bean inbred lines that are in the phase of recommendation for the South of Minas Gerais, Brazil in regard to tolerance to moisture after harvest, and identify traits that may be routinely used in selection of tolerant lines to these conditions. Ninety-five lines in the phase of recommendation by the Genetic Breeding Program from UFLA were used. After harvest, a sample of plants from each plot was removed for assessments of seed germination in the pods in a moist chamber and water absorption by pod and seed. Eight days after harvest, another sample was removed to assess seed appearance using a scoring scale. The data were submitted to analysis of variance and estimates of the Pearson phenotypic correlations were obtained among traits. Lines differ in relation to tolerance to moisture at the time of harvest, with those of higher tolerance having lighter colored seeds. The main difficulty in selection of common bean lines for tolerance to high moisture at harvest is the repeatability of the environmental conditions among crop seasons. The alternative is assessing the amount of water absorbed by pods.
INTRODUCTION
Common bean crop in Brazil presents a great deal of diversity in management systems. In the case of family farms, after harvest, the plants are placed in rows and then await the time of threshing in the field. At the other extreme, large rural companies use mechanical harvesting methods. In this case, a reaper that cuts the plants and places them in rows for drying on location is used, and later threshing is performed.
For any of these management methods, if harvest coincides with a rainy period, which is frequent in different crop seasons of common bean in Minas Gerais, seed can to germinate while still in the pod or may become spotted, which significantly reduces their commercial value.
To mitigate the damage arising from harvest coinciding with rainfall, one of the alternatives is using cultivars in which early germination of seeds in the pods, a phenomenon known as viviparity, is as little as possible.
The seed is an organ for dispersion and survival of the species, which in physiological maturity has a maximum degree of dry matter and also germination potential, and thus seeds of many species germinate while still connected Selection of common bean inbred lines...
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Ciênc. agrotec., Lavras, v. 37, n. 2, p. 152-158, mar./abr., 2013 to the mother plant. The phenomenon has already been intensively studied in the maize crop (NEUFFER; COE; WESSLER, 1997; ARAUJO et al., 1997; SUZUKI et al., 2006) . Some genes involved with expression of this trait have been observed. In the case of common bean, studies in this regard are scarce. Pryke (1978) observed variation in early germination in a series of common bean crosses grown in a greenhouse.
The aim of the present study was to verify if there is genetic variability among the common bean lines that are in the recommendation phase for farmers in the south of Minas Gerais in regard to moisture tolerance soon after harvest, and identify one or more traits that may be routinely used in selection of lines tolerant to wet conditions that may occur in crops at the time of harvest.
MATERIAL AND METHODS
The experiments were carried out at Plant Genetics and Breeding Sector, Department of Biology at Universidade Federal de Lavras (Federal University of Lavras) (UFLA), in Lavras, MG, Brazil, situated at 24°14' latitude South and 45° longitude West at a mean altitude of 910 m. Lines in the recommendation phase through the Genetic Breeding Program of UFLA in the period from 2010 to 2012 were assessed. The number of lines assessed in the 2010/2011 rainy season, sown in November, and in the 2011 dry season, sown in February, was 41, with ten lines common to the two crop seasons. The plots were 2 fourmeter rows with a randomized block experimental design with three replicates.
Another experiment used was Value for Cultivation and Use (Valor de Cultivo e Uso -VCU). This experiment meets the requirements of the Ministry of Food, Livestock and Agriculture (Ministério da Agricultura, Pecuária e Abastecimento -MAPA) and are carried out in a randomized block design with three replications in a plot of 4 fourmeter rows. In VCU 25 lines were evaluated in the winter 2011 crop season, with sowing in July, and the 2011/2012 rainy season, sowing in November 2011.
Altogether, 95 lines were evaluated in the period, with 23 of the VCU, 70 of the elite lines and two controls common to the four experiments. Of these, 11 are commercial cultivars; 43 derived from programs of recurrent selection, 21 being for resistance to angular leaf spot, 16 for yield, five for size and one for various traits simultaneously; 10 from a breeding program for architecture; 8 derived from cross between the cultivars BRSMG Majestoso and BRSMG Madrepérola; 7 derived from cross between the cultivar BRSMG Majestoso and progenies obtained for resistance to anthracnose and 1 from a program for earliness, all coming from the Universidade Federal de Lavras; 7 lines coming from Embrapa; 7 derived from the common bean breeding program of the Universidade Federal de Viçosa; and 1 coming from the Instituto Agronômico de Campinas.
Until the harvest, was adopted the recommendations made to culture (POSSE, et al., 2010) . At harvest, the plants were uprooted and placed in rows in the field in a manner similar to the adopted by farmers. A plant sample from each plot was removed at that time for assessment of germination of the seeds in the pods in a moist chamber and water absorption by the pod and by the seed.
For germination of the seeds in the pods in a moist chamber (GSP), 10 pods from each plot were used. They were rolled up in moistened paper and placed in a moist chamber at a temperature of 25° C with irrigation by spray mist for one minute every three hours. Three assessments per crop season were made in periods that ranged from two to six days with a view toward identifying the period of best discrimination of the lines. After each period, the number of total seeds and those germinated per sampled plot were counted and the germination percentage was obtained. The data obtained in percentage were transformed in arcsin x , according to that recommended by Steel, Torrie and Dickey (1997) .
In assessment of water absorption by the pod (WAP), a sample of five pods per plot was used, which were weighed and placed in a beaker with an equal quantity of distilled water for twelve hours. After this period, they were once more weighed and the percentage of water absorbed was estimated by the following equation: ((wet weight of the pods -dry weight of the pods)/dry weight of the pods) x100.
Another trait assessed was water absorption by the seed (WAS), for which a 100 seed sample per plot was used. The dry seeds were weighed and placed in a beaker containing the same quantity of distilled water, and after four hours they were once more weighed and the percentage of water absorbed was estimated by the following equation: ((Wet weight of the seeds -dry weight of the seeds)/dry weight of the seeds) x 100.
The rest of the plots remained under field conditions for some days and, when rainfall did not occur, spray irrigation was performed over the common bean rows using a weekly irrigation schedule equivalent to 100 mm. Eight days after harvest, a sample of ten plants per plot was removed for assessment of seed appearance. For this purpose, a scale of scores attributed by two evaluators was used, ranging from 1 to 9, with 1 being spotted seeds with various seeds germinated and without commercial value to 9 being seeds without spots, not germinated and within commercial standards.
Data in reference to percentage of germination of seeds in the pods in a moist chamber, percentage of water absorption by the pod and by the seeds, and depreciation of the seed were submitted to analysis of variance, initially per crop season and afterwards in combination of crop seasons, using the software R (R DEVELOPMENT CORE TEAM, 2010). Estimates of the Pearson phenotypic correlations were also obtained among traits (RAMALHO; PEREIRA; OLIVEIRA, 2012).
RESULTS AND DISCUSSSION
Summary of joint analysis of variance of the crop seasons for the traits of seed score (SS); percentage of seed germination in the pods (GSP) and percentage of water absorbed by the pods (WAP) and by the seeds (WAS) is shown in table 1. Observe that the estimates of accuracy it was near one for water absorption by the seeds. For the other traits, it was of lesser magnitude, but even so, the precision may be considered as medium to high (RESENDE; DUARTE, 2007). A significant difference (P  0.01) was detected among crop seasons for all traits evaluated. This effect of the crop season may be attributed mainly to environmental conditions (Table 2) , especially moisture, at the time of harvest, as well as to the group of lines evaluated in each one of the experiments.
The main problem in selection for tolerance to high moisture at the time of harvest is obtaining the moisture conditions that reflect the environments normally found in the crop conditions of the farmers. Normally farmer pulls up the plants and leaves them in a row on the ground to dry. If rains occur for prolonged periods of day before the harvesting, there is already the possibility of the seeds being damaged, that is, becoming spotted or germinating in the pod. The greatest damage, however, occurs when the rains are intermittent after harvest. In this case, pods in contact with the wet soil are damaged. The damage is caused in accordance with time of exposure and relative humidity. The intensity and duration of rainfall in the different crop seasons is rarely the same. The attempt was made, by means of irrigation, to reproduce the prevailing conditions when there are intermittent rains. That was not possible, evidently due to lower relative air humidity, even when irrigation is performed by spraying. Various Table 1 -Summary of joint analysis of variance of the 95 lines for the traits of seed score (SS), germination percentage of the seeds in the pods in a spray chamber (GSP) and percentage of water absorption by the pod (WAP) and by the seed (WAS). assessments of seed scores were made at the time of threshing and some days after threshing. In this study, only the assessments made at the time of threshing are reported, that is, eight days after harvest. In the other assessments, the results did not differ in an expressive manner as a result of the non-occurrence of rainfall. This fact was quite evident in the effect of the crop seasons. A great deal of the variation among the crop seasons must be attributed to the lack of occurrence of rainfall preceding harvest and post-harvest. Another alternative to diminish the difference among crop seasons is to submit only the pods of the plants to a moist chamber soon after being collected. The difficulty is in determining the exposure time. If it is very short, it is not sufficient for germination of the seeds in the pods, and if prolonged, it does not allow discrimination among the lines. Therefore assessments were made that ranged from two to six days. It was observed (data not presented) that assessment at four days was most efficient.
A significant difference (P  0.01) was also observed among the lines for all the traits (Table 1 ). This fact indicates that it is possible to identify lines that are more tolerant to excessive moisture at the time of harvest of common bean. The significant (P  0.05) line x crop season interaction allows one to infer that the lines did not have coinciding behavior in the different crop seasons. However, this interaction involves only the lines common to the crop seasons. Therefore, the occurrence of interaction may not be extrapolated to all the lines evaluated.
The existence of variation among the lines for seed score at the time of threshing may be observed by the frequency distribution shown in figure 1A . Note that the values ranged from 1.3 to 8.7; in other words, it was possible to identify completely damaged lines up to some that practically maintained the commercial standard, regardless of the high moisture at the time of harvest. It was observed that the lines with highest scores at the time of harvest were those that have lighter colored seeds, that is the lines in which one of the parents is the cultivar BRS MGMadrepérola, which was recommended for the state of Minas Gerais for maintaining lighter colored seeds for up to six months after harvest, namely lines 71, 73, 70, 75 and 76 (Table 3 ). The main attribute of this cultivar is "carioca" type seeds (cream colored seeds with light brown stripes) which are very light colored and which darken very slowly during storage (SILVA et al., 2008; ARAÚJO; ABREU, 2012) . The cultivar Branquinho, line 2, which is from a private company, has the same characteristics and was therefore also classified among those that underwent less damage from high moisture at the time of harvest. Observe that among the ten lines with least germination of the seeds, none of them was included among those with the best seed scores at the time of harvest. This fact indicates that even if there was some seed germinated in the pod, this did not expressively affect the evaluator in attributing seed scores. There was greater emphasis on the appearance of the seeds regardless of being germinated, because at the time of processing, most of the germinated seeds would be eliminated because they have less weight.
Variation among the lines for percentage of water absorption by the pods and seeds may be observed in figures 1C and 1D . The mean percentage of water absorption was similar in the pods and in the seeds. The amplitude of variation of the percentage of water absorption in the pods was 83.6% and in the seeds 95.9%, therefore, also very similar values. Frequency distribution highlights that it is possible to identify lines that absorb a smaller quantity of water in the pods or in the seeds. It is notable that among ten lines with the least water absorption percentage in the pods, only two would be among those of least absorption in the seeds (Table 4) . At the other extreme, among the ten of greatest absorption, water absorption in the pods and in the seeds did not coincide.
Theoretically, the seeds with less water absorption should have a lower percentage of germination in the pods. Although there was a wide variation for this trait among the lines (Figure 1D ), association with the percentage of seeds germinated in the pod was very small (Tables 3 and  4) . Water absorption by the seeds is negatively correlated with cooking time (IBARRA-PERÉZ; CASTILHO; CUELLAR, 1996; RODRIGUES et al., 2005) . Thus, it is possible to select lines more tolerant to germination under the condition of excessive moisture at the time of harvest without affecting the cooking time.
Since common bean purchasers acquire the product by means of visual assessment of the seeds at the time of purchase, it is important to verify which lines have a commercial appearance less affected by excess moisture at the time of harvest. It was observed that it is possible to have good precision in this visual assessment (Table 3) ; however, the scores obtained did not show expressive association with the percentage of germinated seeds (Table 3) . That occurs because, although the evaluator considers the germinated seeds, other aspects are observed, especially maintenance of the characteristic color of the seeds, which are more important at the time of assessment. Table 3 -Mean values of the ten best and worst lines for the trait of seed score (SS) and respective percentages of germination of seeds in the pods in a moist chamber (GSP) and the ten best and worst lines for the trait of percentage of germination of the seeds in the pods in a moist chamber (GSP) and their seed scores (SS).
There was large variation among the lines in the percentage of seeds germinated while still in the pod. Through distribution frequency, it is observed that the variation was from 4.7% to 81.2% ( Figure 1B) , allowing the identification of lines which are quite tolerant to seed germination in the pod, as well as some that do not withstand high moisture at the time of harvest. Table 3 lists the lines with greater and lesser percentage of seeds germinated among the 95 evaluated. Lines 20, 59, 54 and 56 were those that showed the lowest percentage of germination, a mean value lesser than 8%. The last three lines are derived from a program of recurrent selection for resistance to Pseudocercospora griseola (AMARO et al., 2007; ARANTES; RAMALHO, 2010) . At the other extreme, lines 70, 14, 73 and 47 showed a mean value of germination of seeds in the pods near 80%.
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Ciênc. agrotec., Lavras, v. 37, n. 2, p. 152-158, mar./abr., 2013 Estimates of the phenotypic correlations of the traits reinforce what was mentioned above, namely, that the association between the percentage of water absorption in the seeds and in the pods, although significant, was of small magnitude. The greatest estimate of correlation was between the percentage of water absorption by the pods and the percentage of seeds germinated in the pods. All the estimates of correlation with seed scores were near zero (Table 5 ).
For germination of grains in the pods is necessary that these absorb water. It was observed that the lines showed wide variation in the percentage of water absorbed by the pods ( Figure 1C) . It was also observed that the association between germination of the seeds and water absorption by the pods was the greatest among the estimates obtained (Table 5) . Nevertheless, the coincidence among the ten lines with greatest or least germination of the seeds and of water absorption in the pods was small.
It would be interesting to verify the anatomical difference or chemical composition in the shell of the pods of lines with greatest or least water absorption for the purpose of identification of traits which aid in selection. Unfortunately reports in this respect were not found in the literature.
CONCLUSIONS
There is variability among lines to moisture tolerance after harvest.
Quantity of water absorbed by the pods is the trait that is easily assessed and may be routinely used in selection of lines tolerant to wet conditions at the time of harvest. Table 5 -Estimates of phenotypic correlation among percentage of germination of seeds in the pods in a spray chamber (GSP), percentage of water absorption by the pod (WAP) and by the seed (WAS) and seed score (SS).
